Progress Report No. 2: Industry, NMFS, and VIMS Joint-Sponsored Sea Scallop Research by DuPaul, William D. & Kirkley, James E.
W&M ScholarWorks 
Reports 
4-1-1987 
Progress Report No. 2: Industry, NMFS, and VIMS Joint-
Sponsored Sea Scallop Research 
William D. DuPaul 
Virginia Institute of Marine Science 
James E. Kirkley 
Virginia Institute of Marine Science 
Follow this and additional works at: https://scholarworks.wm.edu/reports 
 Part of the Aquaculture and Fisheries Commons 
Recommended Citation 
DuPaul, W. D., & Kirkley, J. E. (1987) Progress Report No. 2: Industry, NMFS, and VIMS Joint-Sponsored 
Sea Scallop Research. Marine Resource Report No. 87-8. Virginia Institute of Marine Science, College of 
William and Mary. http://dx.doi.org/doi:10.21220/m2-kq4r-7692 
This Report is brought to you for free and open access by W&M ScholarWorks. It has been accepted for inclusion in 
Reports by an authorized administrator of W&M ScholarWorks. For more information, please contact 
scholarworks@wm.edu. 
PROGRESS REPORT NO. 21 INDUSTRY, NMFS, AND VIMS 
.J0INT-6PONSORED SEA SCALLOP RESEARCH 
BY 
WILLIAM D. DUPAUL AND .JAMES E. KIRKLEY 
William DuPaul is Dirt!Ctor, Marine Advisory Services, 
College of WilliaM and Mary, Virginia Institute of Marine 
Sci•nce, School of Marine Sci•nce, Gloucester Point, Va. 
23062 • .J&M&s Kirkl•y is Assistant Prof1tasor of M.arine 
Sci~nce, College of Willia• and Mary, Virginia Institute 
of Karine Science, School of Marine Sciance, Gloucester 
Point, Va. 23062. 
Thus far, a total of 2,504 scallops have bean 
aA111pled by VIM'a researchers. Infor..ation has baen 
obtained on shell size, total •eat weight or the weight of 
a scallop Nith appro,ci .. t•ly 100-parcant reaoval of the 
-at, oa-•rically shucked -at ... ight with th• '•uaat 
-at' or adductor Musel•, total ... ight leas th• • ..... t 
-at•, gonad ..,.ight, .. ,c, loran reading•, water t ... pera-
ture, d•pth, nu.bar of tNaakats of scallops caught on the 
last tow, and aiz• of th• dradge. All data have been 
loaded into a COMputerized data tNase. 
Considerable preli•inary analysis of the data has 
been done. The .. phaais of the analysis has been on the 
ralationship betWtten Meat-count and shell size. The 
results of the preli•in.ary analyses are su111111arized in this 
report. Additional inf'oraation upon which this report is 
based ••Y be obtained fro. the authors upon request.' 
DATA SET1 
A total of 2,504 observations based on ten scallop 
trips have been obtained. The Minimum shell size is 1e73 
inches1 the Maxi•um is 6.1 inches; the mean shell size is 
3. 66 inches (table 1). The corresponding meat counts are 
266.8, 7.04, and 30.6 meats per pound. Trip data are also 
tiUMMarized in table 1. Figure 1 presents a plot of the raw 
data. 
1 
2 
Table 1. 6-ry of ra. d•h by trip and total 
Inches NNt c:ow,t 
Number-
Trip of 
observations 
Nini ... Mui- NNn Nini- Nui- Nein 
1 255 2.12 4.88 3.56 14.24 tJ:uo 32.23 
2 345 3.11 5.:51 3. 74 9.90 49.84 29.38 
3 210 2.95 4.96 3.59 13.38 61.30 32.54 
4 252 3.11 5.31 3.&0 11.69 49.30 27.95 
5 268 3.11 5.20 3.61 10.59 50.40 30.n 
6 252 1. 73 5.47 3.-" 8.66 266.81 42. 76 
7 l76 3.11 4.80 3.57 16.32 50.96 33.64 
8 215 3.14 5. 71 3. 74 9.49 40.86 25.59 
9 391 3.07 6.10 3.Sf> 7.04 56. 70 23.67 
10 40 2.60 3. 74 3.33 22.91 87.23 35.64 
Total 2504 1, 73 6.10 3.66 7.04 266.81 30.64 
/ 
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FIGURE 1. NEAT COUNT AND SHELL SIZE (INCHES) 
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STATISTICAL EXAMINATION OF DIFFERENCES IN TI£ MEAT-cc>l.J>.IT 
AND SHELL-HEIGHT RELATI0NSHIP1 
4 
A Major part of the research has been to &KaMine the 
Math .... atical relationship between Mt!'at-count and shell-
height. In particular, ia th• relationship stable or the 
.._ for different aonths, fishing areas, and shell siz••· 
If the .. thtN1atical relationships are to be uaad to regu-
late the scallop fishery and th•y are different, it might 
btt nec...sary to adjust the regulations to reflect differ-
enc.s. 
Te.poral or MOnthly differences1 
Monthly data are available for only April and May. 
However, a statistical eKamination of the meat-count, 
sh•ll-height relationship, ba5ed on total meat weight, rev-
eal& a significant differences.' The calculated F-statis-
tic rejects the null hypothesis that the meat-count, shell-
height relationships are the sasne for April and May. That 
is, there i& a fitatistical difference between the meat-
count for a given shell size in April and the Meat-count 
for the same shell size in May. 
Using 1/32 of an inch increment, estimates of meat-
counts based on the estimated relationship for all data and 
April and May data are presented in table 2. Figures 2 and 
3 pre&ent plots of the estiMated meat count given the shell 
'An F-test was used to test the differences in the rela-
tiOl')ship. The F-value was F~.•••• - 94.44. Th• estimated 
l 
aquations and sum of squariKf residuals are available upon 
r&qUtHit. 
Table 2. EwtiMattNS of 111eat count• for April and May 
Estimated Meat counts 
Inches 
Total• April• 
3.00 54.57 49.57 
3.03 53.06 48.41 
3.06 51. 58 47.28 
3.09 :so. 12 46.17 
3.13 48.69 45.07 
3.16 47.28 44.00 
3.19 45.91 42.95 
3.22 44.56 41. 91 
3.25 43.23 40.90 
3.28 41.94 39.90 
3.31 40.67 38.93 
3.34 39.43 37.98 
3.38 38.21 37.04 
3. 41 37.02 36.13 
3.44 35.86 35.24 
3.47 34.72 34.36 
3.50 33.61 33.51 
3.53 32.53 32.67 
3.56 31.48 31.86 
3.59 30.45 31.07 
3.63 29.45 30.29 
3.66 28.47 29.54 
3.69 27.53 28.81 
3.72 26.61 28.09 
3.75 25.71 27.40 
3.78 24.84 26.72 
3.81 24.00 26.07 
3.84 23.19 25.44 
3.88 22.40 24.82 
3.91 21.64 24.23 
3.94 20.91 23.65 
3.97 20.21 23.10 
4.00 19.53 22.56 
•Estimate based on pooled April and May data. 
•Estimate based on April data. 
•Estimat• based on May data. 
111 Inches ara rounded to naarest one-hundredth. 
57.24 
55.52 
53.83 
52.17 
50.54 
48.94 
47.37 
45.83 
44.33 
42.85 
41.40 
39.99 
38.60 
37.25 
35.93 
34.63 
33.37 
32.14 
30.94 
29.76 
28.62 
27.51 
26.43 
25.38 
24.36 
23.38 
22.42 
21.49 
20.59 
19.73 
18.89 
18.08 
17.31 
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As indicatad in tabl• 2 and f'igurtrts 2 and 3, the..,.. 
is a higher meat count per pound for BMaller acallops in 
May, and a lower meat count for larger scallops in May. In 
general, the &callop& for a shell size of 3.53 inches tend 
to be larger in May. Th•re is little dif'farence in the 
••at-count for April and May for scallops between 3.44 and 
3. 53 inches. 
A note of caution on the results is that they are 
based on total weight with the 'sweet Meat' included. A 
cotnMercially shucked acallop, as will be later shown, 
yields Morv .eats per pound. 
Spatial or area differences: 
The current set of regulations ignores possible dif-
ferences in the Meat-count, shell-height relationships for 
various fishing areas. The available data set reflects 
fishing activity for areas south of Long Island. Using the 
loran readings, there are four possible clusters or fishing 
areas. The meat-count, shell-height relationship was 
e><amined for possible differences based on area fished. 
Similar to the MOnthly analysis, total Meat weight was 
e><an1i ned. 
A statistical test failed to accept the null 
hypothesis that the meat-count, shell-height relationship 
Ha$ the same for all four fishing areas.• In general, areas 
to the south tended to yield larger scallops or fewer meats 
•The F-atatistic was Fa.ea•• - 728.83 
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Again using 1/32 of an inch incre .. nts, estiMatttd 
meat counts given shell size are presented in table 3 and 
plotted on figures 4-7. Area 4, however, has a higher Meat 
count per pound for scallops less than 3.53 inches. The 
r.sults, though, support the hypothesis that thttrtt are pos-
sible spatial difftt .... nc::'tlta Nhich should btt considered in 
regulating the harvttat of sea scallops. 
Size differencesi 
The relationship between Meat-count and shell height 
was also exa•ined to determine if it changes for different 
ranges of ahell height. The data were arbitrarily divided 
into meat counts for scallops less than 3.50 inches and 
meat counts for scallops greater than or equal to 3.50 
inches. Similar to the preceeding results, it was not pos-
sible to accept the hypothesis that the relationships were 
the same.a Additional ranges of shell sizes were also 
examined. The results are not, though, reported in this 
report; they are available upon request. The important 
result, however, is that there are differences in the rela-
tionship between Meat count and shell size for groups of 
different sized scallops. Failure to consider the differ-
ences could result in inadequate statistical estimates of 
the relationships and misleading conclusions about the 
relationship between Meat-count and shell-height. 
The F-statistic was Fa,•••• - 916.3. 
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T.able 3. Esti111ated aeat count by f'ishing area 
Estimated meat counts 
Inches 
Area 1 Area 2 Area 3 Area 4 
3.00 53.00 4-8 • .lt2 43. 92 65.19 
3.03 51.,42 -47.39 -42.9S 62.75 
3.06 ,49.87 46.37 -42.07 60.35 
3.09 
-48.37 45.37 41.16 58.02 
3.13 46.91 4,4. 39 -40.27 55.73 
3.16 ,45. ,48 43.42 39.39 53.50 
3.19 4-4.09 42.47 38.52 51.32 
3.22 42.75 41.53 37.66 49.20 
3.25 ,41. ,4,4 ,40.61 36.82 .1+7. 13 
3.28 40.17 39.71 35.99 45.11 
3.31 38.9,4 38.82 35.17 .1+3. 15 
3.34 37.7,4 37.95 34.37 41.24 
3.38 36.59 37.09 33.57 39.38 
3.41 35.48 36.25 32.79 37.57 
3. "+"+ 34 • .l+O 35 • .1+3 32.03 35.82 
3.47 33.37 34.62 31.27 34.13 
3.50 32.37 33.83 30.53 32 • .1+9 
3.53 31.41 33.05 29.80 30.90 
3.56 30.50 32.29 29.08 29.36 
3.59 29.62 31.55 28.38 27.88 
3.63 28.78 30.82 27.69 26 • .1+5 
3.66 27.98 30.11 27.01 25.07 
3.69 27.22 29.41 26. 3.1+ 23.75 
3.72 26.49 28.73 25.69 22.48 
3.75 25.81 28.07 25.04 21.27 
3.78 25.17 27.42 24.42 20.10 
3.81 24.56 26.79 23.81 19.00 
3.84 24.00 26.18 23.20 17.94 
3.88 23.47 25.58 22.61 16.94 
3.91 22.98 24.99 22.03 15.99 
3. 9,4 22.53 24.42 21.47 15.10 
3.97 22.12 23.87 20.92 14.26 
4.00 21.75 23.34 20.38 13.47 
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FIGURE 6. AREA 3 NEAT COUNT AND SHELL SIZE (INCHES) 
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FIGURE 7, AREA 4 NEAT COUNT AND SHELL SIZE (INCHES) 
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Loss of tol•rance1 
A problet11 which has been identified as a result of 
the research is the possible differencf!"S in meat count 
based on total meat weight,which appears to have been used 
in designing the regulations, .. at count based on a COMmer-
cial shuck, and -•t count without th• '....-et Mttat•. In 
this aaction, a prali•inary analysis of the diffart!1')CeS is 
presentltd. 
The total Meat count is based on 100-percent removal 
of the scallop meat. This shucked Meat weight is based on 
the aneat weight shucked by different commercial fishermen. 
The Meat count less the sweet Meat is based on total meat 
weight less the weight of the sweet meat. 
The reasons for examining the meat count without the 
sweet meat is that it was discovered that SO-percent or 
more of the meats in a commercial bag of scallops did not 
contain the sweet meat. If the regulations are based on 
the relationship between total meat weight and shell size 
and the loss of the sweet meat or the commercial shucked 
Meat are not considered, the current regulations may need 
to be adjusted. 
Meat-count, shell-height relationships were esti-
mated for the three types of Meat weights. The estimated 
relationships indicated a higher meat count per pound for 
shucked scallops and those without the sweet meat. There 
is a difference of approximately 10-percent in the meat 
count. 
These results suggest that the 10-percent tolerance 
15 
of the 30 Meat-count regulation allows only for losses due 
to shucking or the loss of the sweet meat. That is, the 
tolerance of 10 ptPrcent may be lost due to comtnercial 
shucking or the loss of the sweet meat. 
This raises the i•portant issue of how an enforce-
aent agent .._..pl .. th• Meat count in a eotwmercial bag. For 
eMaMple, if one bag yi•lded a sample of scallops with the 
sweet meat and there was a 30 meat count, another sample 
without the &Weet MRat would yield approximately 33 meats 
par pound. PreliMinary s.ampling of commercial bags has 
shown that approMimately SO-percent of the scallops in a 
bag have no sweet meat or the sweet meat has fallen off in 
the bag. 
Estimates of meat count and shell height are pre-
sented in table 4 and plotted on figures 8A, 8, and 9. Th'e 
differences of the 30 and 33 meat count are especially 
important. Table 4 indicates a 33 and 30 meat count, based 
on 100-percent removal of the meat, for shell heights of 
3.50 and 3.59 inches. However, a 33 and 30 meat count 
without the sweet meat corresponds to shell heights of 
approximately 3.63 and 3.75 icnhes. Alternatively, a 
cleanly shucked scallop yielding 30 to 33 meats per pound 
becomes a 34 to 37 meats per pound scallop if the sweet 
meat is lost. As previously stated, a preliminary examina-
tion of commercially bagged scallops found that more than 
SO-percent of the scallops contained no sweet meat. 
Table 4. EatiMatlKi .. at count based on total weight, 
shucked weight, total weight less adductor, and 
shucked weight less adductor (sweet meat) 
Estimated meat counts 
Inches 
Total weight Shucked 
16 
Total Shucked less 
adductor 
lest. 
adductor 
3.00 54.57 53. 47· 54.07 57.49 
3.03 53.06 52.31· 52.81 56.44 
3.06 51.58 51. 16· 51.59 55.38 
3.09 50.12 50. 02• 50.38 54.30 
3.13 48.69 48.91• 49.20 53.22 
3.16 47.28 47. 81· 48.04 52.12 
3.19 .lt5. 91 46. 73• 46.91 51.03 
3.22 44.56 45. 67· 45.79 49.93 
3.25 43.23 44. 63• 44.70 48.84 
3.28 41.94 43.60 43.64 47.75 
3.31 40.67 42.59 42.60 46.67 
3.34 39.43 41.60 41.58 45.60 
3.38 38.21 40.62 40.58 44.54 
3.41 37.02 39.66 39.61 43.49 
3.44 35.86 38.72 38.66 42.46 
3.47 34.72 37.80 37.74 41.45 
3.50 33.61 36.90 36.83 40.46 
3.53 32.53 36.01 35.96 39.48 
3.56 31.48 35.14 35.10 38.52 
3.59 30.45 34.29 34.27 37.58 
3.63 29.45 33.45 33.46 36.66 
3.66 28.47 32.63 32.67 35.77 
3.69 27.53 31.83 31.91 34.89 
3.72 26.61 31.05 31.17 34.03 
3.75 25.71 30.29 30.46 33.20 
3.78 24.84 29.54 29.76 32.39 
3.81 24.00 28.81 29.09 31.59 
3.84 23.19 28.09 28.45 30.82 
3.88 22.40 27.40 27.83 30.07 
3.91 21.64 26.73 27.23 29.34 
3.94 20.91 26.07 26.65 28.63 
3.97 20.21 25.42 26.10 27.93 
4.00 19.52 24.80 25.57 27.26 
•Beyond the range of observed data on shucked scallops. 
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For the purpose of COMpariaon, estimates of Meat 
count baaed on commercially shucked Meats les6 the weight 
of the adductor muscle are included in table 4. The loss 
20 
in meat weight is quite substantial. A rneat count of 30 
and 33 Meats for a C011N11ercially shucked scallop without the 
s•feat Meat requires a shell size of approximately 3 71 • and 
3 214 inches. Alternatively, if scallops of 3.59 inches and 
yielding 30 meats per pound of total weight were commer-
cially shucked, they would, on average, yield a 37 meat 
count if the sweet meat was lost. 
An additional examination of the problem of differ-
ent meat counts was done by estimating three probability 
MOdels (logit models>. The purpose was to estimate the 
probability that a meat count for a given shell size would 
eKCilted a predefined limit. 4 The limits examined were 30, 
33, 35, and 40 meats per pound. Table 5 presents the esti-
mated probabilities that meat counts exceed the limits for 
shell sizes of 3.25, 3.50, 3.75, and 4.00 inches. 
As indicated in table 5, the probability that meat 
count, based on total meat weight, will exceed 30 and 33 
meats per pound for a 3.50 inch scallop is .84 and .51. In 
comparison, the probability that a meat count, based on 
loss of the sweet meat, will exceed 30 and 33 meats per 
pound for a 3.50 inch scallop is .92 and .88. The results 
suggest that in order to reduce the likelihood of exceeding 
the meat count as a result of differences due to shucking 
4 The statistical E'fitiMateti> are available upon request. 
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Table 5. Probabilities of &ketHi'ding selected meat counts 
per pound conditional on shell size (inches) 
Shell 
aize 
3.25 
3.25 
3.25 
3.25 
3.50 
3.50 
3.50 
3.50 
3.75 
3.75 
3.75 
3.75 
4.00 
4.00 
4.00 
4.00 
M1u1t 
count 
30 
33 
35 
w 
30 
33 
35 
40 
30 
33 
35 
40 
30 
33 
35 
40 
Probability of ekceeding meat count 
Total 
weight 
.9908 
.9620 
.8879 
.5488 
.8368 
.5095 
.2948 
.0514 
.1969 
.0404 
.0216 
.0024 
• 0116 
.0017 
.0012 
.0001 
COMMercial Total weight 
shucked with less 
adductor adductor 
.9982 .9901 
.9942 .9877 
.9099 .9522 
.4857 (. 9522) • 
• 9712 .9222 
.9092 .8839 
.5786 .6630 
.2032 (. 6630) • 
.6751 .5832 
.3688 • 4192 
.1574 • 1624 
.0645 (.1624)• 
.1133 • 1418 
.0330 .0640 
.0248 • 0188 
• 0183 (. 0188) • 
•Inadequate observations for eKamining 40 meat count. 
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and/or loss of the sweet Meat., .a regulation of 3.75 inches 
and 35 or more meats per pound should be considered. This 
also inposes a degree of equality or equity between shell 
stockers and shuckers. 
Table 6 and figures 10-12 present a su111mary of the 
estiMated probability that Meat count will •xceed 33 meats 
per pound for shell height increments of 1/32 of an inch. 
Even at a shell size of 3.63 inches, there is a high proba-
bility that shuck@d scallops and those without the sweet 
aneat will ewce@d 33 meats per pound. In comparison., a 
cleanly shucked 3.63 inch scallop with the sweet meat has a 
low probability of ewceeding 33 meats per pound. 
SUMMARY AND CONCLUSIONS 
The preliminary analysis suggest there are several 
differences in the relationship between meat-count and 
shell size which should be considered in designing the reg-
ulations to control size of capture. Significant spatial., 
temporal., and size differences were found. Last, import ant 
differences in meat count for scallops with and without the 
'sweet meat' were found. In particular, there is an aver-
age loss of approwimately 10-percent in the meat count for 
cleanly shucked scallops without the 'sweet meats'. The 
loss is greater for commercially shucked scallops in which 
more than SO-percent of the scallops in a bag may not con-
tain the sweet meats. 
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T•ble 6. EstiMat&d probability of exceeding 33 1Mtat count 
Estimated probability 
Inches 
3.00 
3.03 
3.06 
3.09 
3.13 
3.16 
3.19 
3.22 
3.25 
3.28 
3.31 
3.34 
3.38 
3.41 
3.44 
3.47 
3.50 
3.53 
3.56 
3.59 
3.63 
3.66 
3.69 
3.72 
3.75 
3.78 
3.81 
3.84 
3.88 
3.91 
3.94 
3.97 
4.00 
Total 
weight• 
.998 
.998 
.997 
.995 
.992 
.988 
.983 
.975 
.962 
.945 
.920 
.885 
.848 
.776 
.698 
.608 
• 510 
.410 
• 318 
.238 
.173 
.123 
.086 
.059 
.040 
.027 
.019 
.013 
.008 
.006 
.004 
.003 
.002 
Shucked 
weight" 
1.000 
1.000 
1.000 
.999 
.999 
• 998 
• 997 
.996 
.994 
.992 
.988 
• 983 
.976 
.967 
.953 
.935 
• 909 
.875 
• 831 
• 775 
• 708 
.629 
• 543 
.455 
.369 
• 291 
.223 
• 168 
.124 
.090 
.065 
.046 
.033 
Total weight 
less sweet 
meat• 
.999 
.998 
.998 
.997 
.996 
.995 
.993 
.991 
.988 
.984 
.978 
• 971 
• 961 
.949 
.932 
• 911 
.884 
.850 
.809 
• 759 
• 701 
.636 
.565 
.492 
• 419 
.350 
.286 
.230 
.182 
.142 
• 110 
.084 
• 064 
·• Meat count based on 100-percent removal of meat. 
"Meat count based on commercially shucked meat. 
0 Meat count based on 100-percent removal of meat 
less adductor muscle or sweet meat. 
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FIGURE 10, PROBABILITY THAT NEAT COUNT EXCEEDS JJ GIVEN SHELL SIZE 
total 
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FIGURE 11. PROBABILITY THAT NEAT COUNT EXCEEDS 33 GIVEN SHELL SIZE 
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FIGURE 12, PROBABILITY THAT NEAT COUNT EXCEEDS 33 GIVEN ,,SHELL SIZE sweet ··--
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